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PRECISION DIFFRACTOMETRIC MEASURSfJffiNTS 
OP THE ELEMENTARY CELL PAPuAMETERS* 

"by M«U. Umanskii, D.M, Kheiker and 
L.S. Zevin 


Precision measurements require the accounting and 
mln^Lmization whenever possible of all errors, random as well 

i 

as Systematic. Diffractometric investigation of poly- 
cryatalline materials is usually performed using the focusing 
arrftngemeht of Bragg and Brentano for the X-ray beam diffracted 
by the horizontal plane. There is a number of reasons for 
the I displacement of the diffracted beam from the correct 
Wol^-Bragg position. The sources of systematic errors, speci- 
fically iu diffractometric investigations, are: (1) deviation 
of |:he plane of the sample being investigated from the exact 
focusing surface, which leads to the necessity of taking into 

I 

consideration the influence of the "horizontal" deviation of 
the primary beam; (2) penetration of X-rays inside the sample; 

I 

(5) shift of the reflecting plane of the sample from the 
gonij-ometer axis; (4) vertical divergence of the reflected from 
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the primary beam; (5) incorrect setting of the counter zero. 
Apart from these sources of error related to the geometry of 
plotting in diffrac tome trie investigations with continuous 
recqrding of the diffraction curve, there occur additional 

I 

sys'^ematic errors related to the performance of the electronic 
integration circuit and to the inertia of the recorder. The 
infl|uence of various systematic errors on the precision of 
diffractometric determinations of parameters of an elementary 
as well as the correction for their influence by extra** 

i 

polation to © « 90®, have been investigated many times /I, 2, 5, 
4,5,11/. There is no need to take into consideration the 
refraction of X-rays in diffraction measurements; this should 
be dlone only where extremely precise measurements are desired. 

Account of systematic errors 


acco 

tion 


The determination of the reflection angles can be performed 
rding to the position, either of the maximum of the diffrac- 
peak or of its "center of gravity". More precise results 
can be obtained from the determination of the position of the 
center of gravity. This procedure allows a more rigorous 
acco'iinting of systematic errors and possesses a number of 
other advantages: (a) the determinations are based on the 
use ^f intensity measurements along the whole profile of the 
diff|?action peak, and hence are more precise; the statistical 
errojr and the influence of random fluctuations have been 

I 

subs"^ antially lessened; (b) the measurements do not depend 
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on the shape of the peak, the asyrmnetric deformation or the 
broadening of the peak; (c) the deviation of the center of 
gravity from the Wolf-Bragg position due to geometric deforma- 
tions can be calculated more precisely than the corresponding 
deviations of the peak maodlmum. Let us give the expressions 
for the shift of the center of gravity for different geometric 
deformations. 

The deviation of the sample plane being investigated from 
the focusing surface leads to a shift in the center of gravity 

i 

depending on ctg ©, Since Ad/d = - ctg© A ©, the error 

2 2 

Ad/d is proportional to ctg © or to cos © with accuracy to 

IL 

members containing cos ©. 

The finite thickness of the reflecting layer, determined 
by the magnitude of the absorption coefficient, causes a shift 
in the position of the center of gravity by the amount 
sin 2©/4p,R. Hence, Ad/d ~ sin 2©, ctg© = cos^©. 

Deviation of the sample plane from the goniometer axis 
by an amount S causes an error in the determination of the 
position of the center of gravity S.cos©/R, and consequently 
Ad/d cos© • ctg© or to cos © (with accuracy to members of a 
higher order of smallness). 

The vertical divergence of the primary from the reflected 
beam causes a shift in the position of the center of gravity 





where 



( 1 ) 
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height of the focus, the height of the 
:et before the countermand the height of the illuminated 


iargi 

part of the sample, respectively. The error 

M/d » -ctg© d 9 « -Q. + 

^ 2s±n*^Q 

or with accuracy up to members containing cos^9. 


The 

be 


eliminated by extrapolation to 9 
thei'e remains the term /5/ 


deoi> 
that 
are 
the 
subs 
of 2 
main 


a ce 









( 2 ) 


influence of errors caused by vertical divergence can not 


90 < 


After extrapolation 


-a 






C5) 


To decrease this remaining member, it is necessary to 
'ease the vertical divergence of the primary, as well as 
of the reflected beams. To achieve this, Seller slits 
placed between the focus and the sample, and also between 
sample and the counter /5/. The use of slits leads to a 
tantial decrease in intensity; however, with a divergence 
between the beams, it allows the reduction of the re- 
ing member to a magnitude Ad/d » 4.10*"^. 

The uncertainty in the zero position of the counter causes 
rtain content error A9 independent of the angle of 
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reflection. The corresponding error Ad/d is proportional to 
ctg(>, A very careful adjustment of the goniometer allows the 
redaction of the error in the setting of the counter zero, to 
a rather small value /6,7/, 

For large angles ©, where the diffraction peak is broad, 
the angular factor Q(0) (Lorenz and plarization) , changes 
marliedly within the confines of the peak, alters its profile 
and shifts the center of gravity. The shift of the center 
of gravity can be determined, by calculating its magnitude 
for the diffraction function J(0) and for the product q>(©).J(©) 




The 

Note 


©r. an( 


^0 


<>((') J le) df> 


where P. 


C 


jt- 

^ J((? } J P 


w 


integration is performed within infinite limits, (translator's 
: Probably what is meant is "from -to + ooj 
Expanding Q(©) as a Taylor series in the neighborhood of 
id taking the first two members, we will obtain; 




1 




S j’^aTJF 


( 5 ) 


where ^- © - Oq and J(©) « J*(© - ©^). 
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Substltutlng the expression for the angular factor in 
the powder method Q(9) « sin^©cos9/(l + cos^2©), and approxi- 

i 

matijng the profile of the diffraction pesik t>y the Gaussian 
function will obtain 


e 


|2H<T 


Ae 


- />r 


t 


/ i- '2^-' 


‘3L 


( 6 ) 


I Id>pg6 diiglos 0 1 ^ 1 x 0 8.iigulQ.r dispersion changes within 
the tonfines of the diffraction peak and this leads to the 
fact 
does 


that the center of gravity of the diffraction peak (©^) 


not coincide with the magnitude ©^ = arc sin [X^ is 
the center of gravity of the profile VCX) of the spectral lin^ . 
The correction which must be applied for the transformation 

from 


©0 to ©^ is 


A9 - - 


f f' 


X T(0 J 






7 


-u ! 


( 7 ) 


into 


Changing the first member to the new variable and taking 
consideration that J(©)d© * J(X)dX, we will obtain 

■I-, ^ 

lei 




o 


fa^.. V.. t Y(}} J,l 


^ ^ k' Vv*. 


( 8 ) 
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Expanding arc sin ^ into a Taylor series around and 
taking only ttie first three members, we will have: 


Af‘ 


o • 


_r,r/Ti 

*57' 






A 

O-m; -n -- 


SrY7i] /r 


fvY/U.v 


where <5** X - 


If (5) is represented approximately as a Gaussian 
function, we will obtain finally: 


A«»'’ - (^) 


( 10 ) 


The last two errors are not eliminated by the extrapolation, 
and corrections for them, in case of necessity, should be 
applied to each line separately. However, these corrections 
are usually not considerable. 

Thus, careful preparation and adjustment of the apparatus 
allow (using the extrapolation of the parameters obtained, to 
e B 90®) the elimination of a number of systematic errors 
caused by the geometry of the plotting, apart from the vertical 

p 

divergence. The curve of cos 0 used in the extrapolation is 
nearly a straight line. In order to improve the resulting 
precision, it is necessary to decrease the vertical divergence 
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to a value at which the magnitude of the remaining member 
would be less than the limit of precision. As has already 
been pointed out above, the use of Soller slits allows re- 
duction of the vertical divergence, but leads to a substantial 
decrease in intensity. This decrease in intensity is parti- 
cularly large in the case of a relatively small pro;jection 
height of the focused spot. Another possible way of decreasing 
the vertical divergence is to place a focusing monochromator 
between the tube and the goniometer (Fig, 1), In this case 
the geometry of the plotting in the equatorial plane of the 
goniometer is the same as usual, only the focus of the curved 
monochromator is substituted for the focus of the tube; how- 
ever, the use of a focusing monochromator pennits a substantial 
increase in the range of reflection angles recorded. The path 
of the rays within the vertical plane changes, decreasing the 
vertical divergence. The crystal of the monochromator, placed 
at a certain distance f from the focus of the tube, becomes 
almost like a slit limiting the vertical divergence of the 
primary beam; the distance between the focus of the tube and 
the sample is increased. The beam of rays hitting the sample 
has a variable intensity along the height of the sample; 
photometric evaluation of a photographic plate placed instead 
of a sample showed that the intensity of the monochromatized 
beam hitting the sample can be represented by a trapezoid 
function of Z^, related to the presence of half-shadows (Fig, 2). 


Approved For Release 2009/04/29 : CIA-RDP80T00246A0081 00260002-2 





Approved For Release 2009/04/29 : CIA-RDP80T00246A0081 00260002-2 


-9- 


Considering the abOTeventloned, we wilX obtain for the mag- 
nitude of the shift /AoV arising as a consequenee of yertlcal 
divergence: 


where 






H/ 


- ys’A' 

JP - Jt— . 

‘^,1 ’ 


I 

? 


TP 


R (,R ^ 

h' -V) + 


and K, h^ are according to Fig. 2. 

The remaining member in the extrapolation formula is: 


Hr 


h I " L' IsJh 

^ ' 4. / vsf ( 


3 

H,- W/ 


f 




Hr, ‘ 


.3 t- 3 l_, 3^: ^ 

^ i'ti 1-^ '“5 

Choice of the experimental condition R “S 2f will lead to 
mutual cancellation of the last two terms. Using the GUR-3 
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and a focuaing aonochroMitor of the type used in QISP / 8 /, it 
ia possihle to obtain a - 4 . 10“5 at R - leOarn, £ - 75 »m. 

• 2 .^, Hp • 14 m, hp • ^ and - 8 m* , The error can 

be lowered to 1 . 10"5 ^ decreaaing the height of the illnninated 
portion of the sample to ^ 6m and of the height of the 

counter slit to 4 Mf however, at the sane tine the intensity 

deoreases fourfold* 


of elei^entarT cell p arameters. 

It is well known that the pradision with which the 
parameters of a cell earn be determined increases with increasing 
reflection angle* The moot important angle interval for 
precision measurements is 0 - 75 ♦ 85* * Measurements at angles 
© « 85 ♦ 90* are hampered by a number of eaqperimental difficul- 


ties and hindered by the influence of the natural spectral line 


width. of the characteristic radiation* 

The limiting angle 2© in GUR-3 that can be recorded is 
tph-t m ^0 4 u e to the construction of the stand carrying 
the counter of the holder of slits defining the primary 

beam. The holder for flat samples in the 6UR-3 is not built 
for regulation of the sample plane position. To adapt the 
goniometer GUR-5 for pecision measurements, a focusinc^ mono- 
chromator with an elastically bent crystal (Fig. D was sub- 
stituted for the slit-holder. A quarts crystal with its large 
rhombohedron plane lOTl serving as the reflecting surface was 
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placod in a crystal -holder KMSP /8/* Due to the small size 
of the crystal— holder and to the fact that it was placed at 
a distance E + f ■ 23^mm from the goniometer axis, the counter 
could rotate to em angle 26 m 168®, The stand supporting the 
monochromator was constructed in such a way as to allow precise 
adjustment of the monochromator, shielding from scattered rays, 
and the selection of a sufficiently narrow part of the spec- 
trum, The sample— holder was modified so as to allow the 
positioning of the sample plane, with respect to the rotation 
axis of GUE-5, to he possible with a precision of a few 
microns. In positioning the sample plane, motion along the 
guide-rail is achieved through the use of a differential screw 
(the thread pitch of the screw in the moving part differed 
0,1mm from that of the screw in the stationary part). 

One of the constructed modifications of the sample-holder 
could rotate arovnd the normal to the plane being investigated, 
at a rate of 20 revolutions per minute, A place was provided 
for a special thermostat which could keep the temperature of 
the sample constsjxt to i 0,1®, The method of stabilizing the 
temperature is analogous to the one used in the EKVT /9/ • 

Precision measurements require very careful installation 
■■nS adjustment of the apparatus , Apart from the usual adjust- 
ment of the goniometer, it is necessary to do the following; 

(a) the position of the monochromator must be adjusted so that 
the reflecting plane of the crystal is placed at an angle 
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oorrespondii&e to tho ehosen ivaTelongth, aad tliat the ortratal 
Itaalf la oTanlj' llliuiinated. The lumaed radiation (of othar 
wareloiigtha) vast to leapt out with the help Pf baffles. The 
focus of the Bonoohroaator is a line about long and less 
than 0«2bsi wide « parallel to the goniometer axis and located 
oa the ciro^e of focuiing* ?or the GUB-5* the monochromator 
focus must be located 160na from the goniometer axis. The 
rertioal plane piMi^i# throu^ the monochPdmatbr axis and the 
main axis of the g^cMeter is the sero plane, starting from 

I . 

which the angles 0 must be counted. The reflected mono- 
ohx^atic beam sns# W bisected by the equatorial plane of the 
goniometer passing through the mid-points of the monochromator 
focus ^ the Sample and the counter slit. 

(b) The sero positions of the counter and of the flat sample- 
holder must be determined. In the sero position the average 
vertickl slit axis and the sample plane to be Investigated must 
coincide with the sero plane of the goniometer. Also, the 
positions of the goniometer and of the monochromator must be 
fixed so that the adjustment of the apparatus would not change 
during the experiment. 

The sero settings of the counter and of the sample-holder, 
and also the colncidenoe between the sample plane investigated 
the goniometer axis, must be checked periodically and 
definitely every time after changing the orientation of the 
monochromator from one wavelength to another. To determine and 
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8«t thf s«90 posit ioi|« Of the covmter iad.,t^l|^;8f|plo, pli^ it 
is oeaTonient pf usSi S wedge and a speeial pff||at|>e, slit (Fig* 
5)* By placing the. portable slit in plaoe t|^^|h|| sample and 
another narrpw siLilh Oi?^. or O.lmn widSi nesr 
obserring the pofitipn, of the counter giving the maximinn rate 
of counting for. two positions of the portable slit differing 
froBi each other, ^ (f^ and ^3^30)* it is easy to determine 

the sero positions wi€S a precision of a few minutes /6/ • Using 

, V. : of ';A:vu.ty ef ■* 

the wedge one can determine the sero positions with greater 
accvracy. The method consists in the following t the wedge is 
use^. to shut off firtt one, then the other Half Of the primary 
beast area falling on the counter /?/. Thf intensity registered 
by the counter i|iH remain Cjonstant for,, positions of the wedge 
difj'ering "bj ISO*, only in the case where the counter slit is 
symiietrical relative to the sero plane. If the workizig plane 


of i;he wedgp. and hence the sample plane lies in the sero plane, 
the 


with the wedge in the remote position. With the counter in 

~ -■ :.i« ^ r : '■ fVivi . : ' 

correct position, the intensity registered is equal to half 


the 

the 

wit 

the 

det 


*3 ::r 


die of fcl.® 


intensity will be equal to half the Intensity registered 

■ ■ jOa (it tl ■ ■ ■ ■ 




sum of intensities^CJn + registered by the counter 

h its slit in an incorrect position. A sharp unevenmessi in 

. i v - ' 

1. 5 ^ : ■■ - ■■■*. :A. .1. : V - i r _ ' ■‘"i Vs - . 

intensity of the primary bean can lead to an error in the 
arminatlon of the sero positions by the *w|dgs method. In 
cases where the goniometer permits measurements within rather 
extensive regions of positive as well as negative reflection 
angles, the sero position of the counter (y^) can be determined 
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by iieaeurlng the angles 20 in the negative aiSd the posit lire 
regions. In this ease y© ■ C20^ + 29^/2i ' lii tetetninations 
of the zero position perfonned by the abovt^-two iiethods led 
to the results idiidh Sgreed with each other the esjperi** 

mental ero^r, 0.1 - 0,2 minutes. 

Det4r«»i of the position of the oenti^r 


of < gravity of diffraction peaks . 


peajc 


a*he position of the ceilter of gravity of the diffraction 
is determined in the followii^ manner 




oO 


f JM 


^ K * 






f Mie) 


'ZL ' - ' ^ — 






KM 






. t r; 

( 13 ) 




where J|^ is the intensity hveraged over the width of the slit 
witli the middle of the counter slit at 20|^. 

Determination of the center of gravity of n diffraction 
peaic is long and tedious. In attempts to find i Ohort out we 
inv istigated the dependenoe ^ of the er^r In ^e determination 
of the center of ^vity, on the preoisioik iptei^fity 

meaBurements at diffOTOA^ ptiats nlon^ thtJ^i|| j^ on the 

number of points, on the counter slit width, pn tht 
of the intervals between measurements. In the presence of a 

■ I , 

baciCground the center of gr«nrity eras dot 
way: the inte:^^ wa# measpred ,4t ^ 
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eu 


Int 
fici 
of g: 


jlle separated \>j a constant interval (h « suid the 

sltj of the background was measured at two points suf- 
entlj removed from the peak maxim\im (Fig* 4), The center 
ravity can then be obtained from the following expression: 


A 
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^7 1 


7r» 




j 


4 > 


S‘. 

J 


s 


(14) 


where is the moment of the area of the backgro\ind taken as 
linear « is the area of the backgro\ind, while Mj « and 

St • 

Assuming that the errors Jj^ and of the measurements are 
indejpendent , that the peak is of Gaussian shape and neglecting 
higher order terms, we will obtain the following expression for 
the error in the position of the center of gravity: 


2ft 


>1 






(15) 




whete 2 / and relative errors in intensity 

meaimrementsi n is the number of points measured. 

To make the correct choice of the method of measurement 
we Vill consider the following: 

(a) The dependence of the time of measurement at each 
poiht, on the distance to the center of gravity of the peak 
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(assunln^ that the error is mainly determined by the statistical 
fluctuations in Intensity) • For a peak of Gaussian shape and 
for different background values, the above functions are given 
in Pig. It is seen from this figure that if the background 
is less than 1/4 of the maximum peak intensity, then it is 
rational to use the method of measuring intensities at constant 
couatingttime. The required counting time interval must be 
determined at the half-inteiiisity point from the given magnitude 
of error. 

(b) ' The dependence of the magnitude of the relative erix>r 
on the distance from the center of gravity of the peak. For 
different background levels it is given in Fig. 6. It follows 
from the^ie curves that for background levels higher than 1/4 
of the maximum peak intensity, one must measure the intensities 
according to the method of constant number of impulses. 

Adding the constant counting rate it is possible to obtain 
Intermediary variations between the method of constant counting 
time and the method of constant number of impulses. The trick 
of uddin^ the constant counting rate is most appropriate for 
■eaiiuremcints of the center of gravity of peaks. Choice of the 
aag]iitud4 of the added rate can be done from the curves of 
Fig , 7* Correct choice of the method of measurement of the 
intensity shortens considerably the time necessary for the 
meaimrement s . 

The measurements can also be accelerated by rejecting 
thai; part of the peak where the intensity is small. Calculations 
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for a Gaussian peak show that the error In the detexmlnation 
of the coordinates of the center of gravity due to the rejec- 
tion of one wing of the peak where the intensity is less than 
Z% bf the maximum is determined by the following expression: 


det 
aren 
oen 
the 
ch 
the 


/I 


d 


- z 


r a<70 


( 16 ) 


whebe X ds the peak half-width. Thus, measurements in regions 

wheire the intensity is less than 1% of the maximum are not 

1 

justified • 

i . 

Increasing the width of the counter slit Increases the 
intbnsity and hence the rate of counting, but in general in- 
creases the shift in the position of the center of gravity of 
the peak 4 

The shift in the position of the center of gravity is 
ermined by the fact that the counter slit cuts out of the 
defined tfj the peak profile a curvilinear trapeze, whose 
er o^ gravity (29^) does not coincide with the position of 


^auigi 


mid-point of the counter slit (29^) (see Pig. 5)* The 
e ih the statistical moment of the trapeze relative to 
mcMent of the rectangle is 


A Wi 




( 17 ) 


whe:re 6]^ is the area of the trapeze. 
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! 

^ipitlng ourttlTts to the first asabsr of the esqpanslon 
into series and hence to a precision determined by the higher- 
oi^er npslbers, we will obtain 


>0 






( 18 ) 


jls the piMir^e^ "a" and "b" are the initial amd the 

' 2 r 


fijiel ^iints, and J*(b) are the deriTatiwes d(29) at 

poilats *^4** and correspondingly, and is the angular 
oiMkteb iiit^iWidldi; ^ Asanmixig J(b> « JCa) wo will obtain 

.. ij. i- ■' , ■ ' 


43 

& tit 2: ■: : * ■; - 

■5 ‘V rt, ' . 5^ ;t ^ 

rv. ,IhO, 



TjCO- J( 3 )] 

v 4 - .. ^ J 


( 19 ) 


n t 


nse of a pQi^aratiyely wide slit (laua • 20*) causes 
^^snf^i«io|^tly snsfyL '|C<0*05O shift in the position of the 

of grayityii b^ the same time increases the general 
.in^oai^tj measured at each given slit position, and hence makes 
t^4 "^^*^*^nentS ^ ^e oexi^er of gravity more reliable and 
>eea ti*4-fons«pi^», .:, 

of ^parameters of the cell in tungat^ 

from diot^JminatiiM Of the centers of gravity of the lines . 

’ pci4M»m ^th a small amount of cellulose nitrate 

laoguebr ddded, was packed into the hole (15am in diameter 

i 

and 0.5mB deep) in a plate of "organic glass", (translator's 
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Note: "Organic glass" is a term frequently used to describe 
a group of synthetic polymers, e.g,, methyl methacrylate, 
allyl esters of polyhasic acids Q The surface of the sample 
was leveled with a glass plate. Since the average dimensions 
of the crystallites were less than the X-ray diffraction 
measurements were performed without rotating the sample* The 
Intensities were measured at each point. The time for each 
point was 1 min; for very weak lines in the peripheral regions, 

4 min* The background was taken as the average of five measure- 
ments or at one point for a duration of 10 min* The counter 
slit-width was 1mm, its height 8mm. The angular shifts during 
peak measurements were 9'* ^be temperature was controlled by 
a thermometer placed near the sample* The temperature deviation 
during measurement of a peak did not exceed 04^"C* The results 
of the measurements were reduced to 25*0. In order to eliminate 
the Influence of the doublet the measurements were performed 

with the Cu Kq radiation (X^ ■ 1.59223 i *). The average error 
P ® 

in the measurement of the position of the center of gravity 
of the peak was — 0*5' • Repeated measurements performed with 
different modifications of the goniometer and the monochromator 
showed that the error caused by the nonreproducibility of the 

*X ■ X + dX: dX is not zero if the spectral line is asymmetric. 
C mBX ’ 

Approximating the line profile with a triangle having the same 
half-width (a) and coefficient of asymmetry (a) we will obtain 

m \ . For the line CuX^ a * 0.0010 &, a » 1.18 /lO/ 

whence dX**i 0.00006 X and X^ » 1.59217 + 0.00006 • 1.39225 X. 
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2 

Performing the extrapolation according to cos © we obtain 
a = 5.16500 X. The correction for refraction was introduced 
according to the expression: 


I } - A -x 


H.il ■ i 


‘ f .i n 


( 20 ) 


where n is the index of refraction; LA is the sum of the series 
numbers of all atoms constituting the cell. For tungsten and 
using the Cu radiation the correction for refraction is 
12.8x10*^2. 

The correction for the vertical divergence, determined 
from equation (12), is 15x10 ^ %• 

Hence a » 5.16526 - 0.00005 


Approved For Release 2009/04/29 : CIA-RDP80T00246A0081 00260002-2 







Approved For Release 2009/04/29 : CIA-RDP80T00246A0081 00260002-2 


- 22 - 


Llterature Cited 


/!/ 

/ 2 / 

/V 

/V 

/5/ 

/ 6 / 

/?/ 


D. M, Elielker and L.S. Zevin, Crystallograflya 1, No. 6 , 
740-763 (1956)} "The X-ray diffractoaeter and Tts 
application to some problems of X-ray structure analysis”. 

H.P. Slug, L.A. Alexander, "X-ray diffraction procedures": 
N.T., 1954, 

H.S. Peiser, H.P. Rooksby, A.J.S. Wilson. "X-ray 
diffmction by polyerystalline materials": London, 1955* 

A.J.C. Wilson, J. Sclent. Instrum.27> Ho. 12, 321-323 
(1950). ^ 

E. R. Pike, J. Sclent. Instrum. No. 9» 355-365 (1957)* 

W. Parrish, E.A. Hamacher, E. Lowitsch, Philips Techn. 
Res. 16, No. 4, 123-133 (1954). 


M. Toumarie, J. Phys. et Rad. No. 1, 11A-15A (1954). 

/ 8 / S.S. Kritka, E.V. Eolontsova and M.M. Umanskii, Izv. Akad. 
Hauk SSSH, ser. fis., 16, No. 3, 372-384 (1952). 

/9/ Zubeak© and M.M. Umanskii. "Roentgenographic deter- 

mination of the thermal expansion of monocrystals", 
Gzystallografiya 2, No. 4, 508-512 (1957)* 

/lO/ J.A. Barden, C.S. Shaw, Shapes and Wavelengths of E 
80 ri«a Linas of Elaments Ti 22 to Ge 52. Phys. Rev. 

Ho. I, 18-30 (1955). 

/Xiy w, Parrish, J. Taylor, "The Precision Diffractometer 

Measurement of Lattice Parameteri^} Acta Crystallog. IG, 
Ho. 12, 741 (1957). 


Approved For Release 2009/04/29 : CIA-RDP80T00246A0081 00260002-2 





Approved For Release 2009/04/29 : CIA-RDP80T00246A0081 00260002-2 


- 25 - 

Fig, 1, Apparatus for precision plotting using a UHS-501, 

T - tube; F - focus of tbe tube; g - goniometer; 

H - monochromator; D - sample holder; C - counter; 

F - sample; and S2 - monochromator slits; - 
counter slit. 

Fig* 2, Vertical divergence of the primary beam in using 

the monoobromator. The curve for the illumination 
of the sample I(2p) is obtained through microphoto- 
metric evaluation. 

Fig. 3, Device for adjustment, 

(a) Brass wedge for determination of counter zero, 

(b) Slit to determine the zero position of the sample 

plane, 

fig. 4, for the determination of the center of gravity of a 
diffraction peak. 

Fig. 5, Dspendenoe of the time of measurement on the distance 

from the center of gravity of the line. ■ const, 

The ratio of the Intensities i« as 

follows: 1-0; 2-1/120; 5-1/8; 4-1/4; 5-2/5; 6-1/2; 

7-5/6; 8-3/^; 9-7/8; 10-1. 

The profile of the diffraction peak is shown by the 
dotted line. 
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Pig* 6* Dependence of the nagnitude of the relative error 
in intensity measurements, on the distance to the 
center of gravity* - const* 

The labeling of the curves is the same as in Pig* 3* 

Pig. 7* Dependence of the magnitude of the relative error 
in intensity measurements on the magnitude of the 
intensity. « const. 

I 

The labeling of the curves is the same as in Pig. 3* 


\ 
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